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Foreword 
Welcome to ESTEEM Volume 2. In this issue, we address a gamut of 
topics from the engineering disciplines to language education. We hope 
that ESTEEM, by publishing articles from a diverse range of disciplines, 
will encourage debate and exchange among researchers from assorted 
academic backgrounds. 
I would like to thank our advisor, Prof. Madya Mohd Zaki Abdullah 
for his distinctive imprint on this edition. His leadership of the journal in 
its 2nd year of growing impact and reputation has been outstanding. His 
vision, commitment to excellence, and attention to detail are widely 
recognized by the Penang academic community as determining factors 
in the journal's success so far. We will do our best to continue and expand 
on this tradition of excellence. 
Since its launch in 2003, ESTEEM is indeed fortunate to have a 
dynamic Editorial Team. These people have provided the journal with an 
outstanding service of reviewing submissions for publications. The journal 
follows the established policy of a blind review process consisting of at 
least two peer reviewers per submission. We depend upon their knowledge 
and judgement in advancing the scope and utility of this journal. Without 
their support and enthusiasm none of this would have been possible. Also, 
my thanks to all the contributors, both the successful and not so successful. 
Our vision of the ESTEEM journal is that it should be the journal 
that belongs to you, the academic and research community. This includes 
all engineers and academicians working to unravel the mysteries of 
research, teaching and learning, in all its facets. We wish the journal to 
be responsive to your needs and your interests. Please feel free to contact 
any of us in the editorial board to give us your ideas and suggestions for 
the development of the journal. We look forward to working with you all 
in expanding this emerging venue for communicating high quality research 
on the many aspects of academia. 
Finally, I would like to take this opportunity to invite all authors and 
readers to contact me at esteem @ppinang.uitm.edu.my to share their 
comments and advice on how to further enhance the journal's value to 
the wider research community in knowledge and how to move ESTEEM 
to the next level of excellence. 
The Chief Editor 
May, 2005 
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Designing Reinforced Earth Wall for 
Seismic Areas 
Iqraz Nabi Khan 
Swami Saran 
Caroline Peter Diman 
ABSTRACT 
Reinforced earth wall has widely been adopted due to its economy, 
ease in construction and flexibility in nature. Keeping in view its 
nature being flexible, a pseudo static analysis has been carried out 
for the complete analysis and design of a reinforced earth wall 
having uniform surcharge on the wall and backfill. Both horizontal 
and vertical seismic forces have been taken into account to develop 
non-dimensional design charts. Use of these design charts has been 
illustrated by an example design. 
Keywords: Reinforced earth wall, pseudostatic analysis, surcharge 
loading, and earth pressure. 
Introduction 
Retaining walls are constructed when abrupt changes in elevation of 
ground are needed to protect unstable slopes or for other intended 
purpose. Ordinary retaining wall may get damaged due to earthquake, 
floods, high tidal waves, shrinkage, swelling, and/or differential 
settlements. However in such situation construction of reinforced earth 
wall may be a practical solution. Reinforced earth wall has widely been 
adopted as water front structure due to its economy, ease in construction 
and flexibility in nature. 
Reinforced Earth Technique was systematically introduced by a 
French scientist H. Vidal in 1966. Reinforced Earth is a composite material 
which is formed by the association of soil and tension resistant reinforcing 
elements. The reinforcement suppresses the normal tensile strains in the 
soil mass through frictional interaction. The design of a reinforced earth 
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wall requires its analysis against external stability and internal stability. 
The external stability comprises of checking the safety of wall as a rigid 
block against overturning, sliding, bearing capacity failure and overall 
stability. In internal stability, the competency of the reinforcements 
provided at different heights is examined against tension and pull-out 
failures. 
The internal stability analysis of a reinforced earth wall requires 
identification of rupture surface during pull-out failure, as the effective 
length of the reinforcement contributing in developing frictional resistance 
is the portion of reinforcement lying outside the wedge. Further, the 
earth pressure distribution behind the wall is required to design size and 
type of reinforcement. 
Reinforced earth has become the field of interest for many researcher 
and scientists after (Vidal 1966,1969) coined the term "Reinforced Earth". 
He systematically introduced fundamentals of Reinforced Earth 
Technique and discussed about the choice of soil and reinforcement, 
compaction, uses, risks of failure, cost and examples of field construction. 
(Schlosser and Vidal 1969) published analytical and experimental results. 
(Schlosser and Long 1974) carried out model study in laboratory and 
suggested the equation to calculate maximum tie tension. (Schlosser 
1978) presented state of art and discussed the behaviour of a number of 
instrumented field walls built in France and other countries. (Talwar, 
1981 and Garg, 1998) conducted model studies. (Leshchinsky, 1985) 
suggested design procedures for geotextile reinforced walls subjected to 
uniform surcharge and developed design charts for internal stability of 
walls. (Ramaswami and Bose 1989) studied the behaviour of prototype 
geogrid reinforced retaining wall subjected to surcharge loading. (Saran 
and Khan 1990) developed non-dimensional charts for seismic design of 
reinforced earth wall. (Saran and Khan 1993) reported results of a study 
on 4.0m high instrumented reinforced earth wall, (Kumar and Saran 
2003) reported their findings on closely spaced footings on geogrid 
reinforced sand. (Miller and Roycroft 2004) reported four case studies 
on seismic performance and deformation of levees. (Khan and Saran 
2004) reported results of a model study on reinforced earth wall. There 
are many other investigators who have also contributed a lot. 
The present analysis has been taken up due to reinforced earth being 
appreciably flexible and can withstand large differential settlement without 
distress. The flexibility makes the reinforced earth structures more suitable 
for earthquake prone areas. Analysis of reinforced earth wall located in 
seismic area is based on the assumption that the total force in each 
10 
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reinforcement is the sum of the static forces before seismic event plus 
the dynamic forces generated during the earthquake activity. At the end 
of earthquake the reinforcement forces will return to the initial static 
condition. During an earthquake, failure by breakage of reinforcement 
could be catastrophic, accordingly a failure mechanism based upon loss 
of adhesion is preferred. In this situation distortion of the structure may 
occur during seismic conditions but stability is restored once this ceases. 
A pseudo static analysis has been presented in following section for 
the complete analysis and design of a reinforced earth wall having uniform 
surcharge on the wall and backfill. Both horizontal and vertical seismic 
forces have been taken into account. 
Analysis 
Analysis of reinforced earth retaining wall being presented under this 
section is based upon prediction of dynamic earth pressure resulting 
from the ground motion. The analysis covers the following modes of 
failure. 
a. External Stability 
i. Sliding failure 
ii. Overturning failure 
iii. Tilting or bearing failure 
b. Internal Stability 
i. Tension failure 
ii. Pull-out failure 
A reinforced earth wall is considered of width L and height H as 
shown in Figure 1. The parameters are defined below: 
H = Overall height of reinforced wall 
h. = Height of reinforced earth wall / fill above level of the ith layer 
of reinforcement 
L = Length of reinforcement, at right angles in plan to the face of 
the wall 
Le = Length of reinforcement beyond the potential failure plane, at 
right angles in plan to face of wall 
yw = Unit weight of wall fill 
yb = Unit weight of backfill 
q = Intensity of uniformly distributed surcharge 
11 
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K- • 0 • 2 5 M 
f t * * U | q 1 
K^&ifed *4*-KaM l"bH-
Figure 1: Reinforced Earth Wall 
h = height of C.G. of the surcharge q from backfill surface 
(|>
 w = Angle of internal friction of the wall fill 
(|)
 b = Angle of internal friction of the backfill 
Ka w d = Dynamic coefficient of active earth pressure of the wall 
Kabd = Dynamic coefficient of active earth pressure of the backfill 
Gmax = Ground bearing pressure under front edge of wall assuming 
trapezoidal distribution of pressure 
a
min = Ground bearing pressure under back edge of wall assuming 
trapezoidal distribution of pressure 
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|i = Coefficient of friction between the soil (at base) and reinforced 
earth wall 
f* = Apparent coefficient of friction between soil (wall fill) and 
reinforcement 
5
 w = Angle of friction of wall facing 
5
 b = Angle of friction of reinforced wall block and backfill soil 
T. = Maximum tensile force to be resisted by reinforcement at Ith 
layer 
T „ = Permissible tensile force for the reinforcement 
a l l o w 
au = Horizontal seismic coefficient 
h 
a = Vertical seismic coefficient 
<*H 
2.0 
S = Horizontal spacing of reinforcing strips 
Sv = Vertical spacing of reinforcement layers 
W = Width of reinforcing strip 
In developing the non-dimensional charts, it is assumed that backfill 
soil properties are same as those of wall I.e. 
Yb = Yw = Y 
*b = <L = * 2 
8, = 8 = 8 = r^(b 
b
 w 3 T 
K UA ~ K A ~ ^ A 
abd awd ad 
The shape of failure wedge is based on finding of Khan (1991). The 
non-dimensional design charts developed for sliding failure and overturning 
failure are shown in Figure 2 and 3 respectively. The non-dimensional 
design charts, Figure 4 and 5 are developed to be used to evaluate the 
maximum and minimum bearing pressure respectively. 
Design Procedure 
Detailed design procedure and one example to illustrate the use of design 
charts is presented under this section. 
13 
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Figure 2: Design Chart for Sliding Failure (q/yh = 0.01) 
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Design Steps 
Given data: -
Height of wall, H 
Density of soil, y 
Allowable soil pressure, a 
Angle of internal friction, ty 
Friction coefficient at base, [i 
Vertical seismic coefficient, a 
7
 V 
Horizontal seismic coefficient, ah 
Step 1: Select suitable reinforcing material. Find its permissible tensile 
strength T „ and coefficient of friction f*. 
° allow 
External Stability 
Step 2: Choose suitable factor of safety and obtain L/H from non-
dimensional charts (Figure 2 to 4) for sliding, overturning and bearing 
failure. Pick-up maximum of above three L/H ratio. For this L/H ratio, 
find <Jmin/yH from Figure 5. If it is positive then O.K., if not increase 
value of L/H such that Gmin/yH becomes positive. Adopt this L/H value 
for further computations. 
Internal Stability 
Step 3: Keeping in view size of panel and thickness of compacted layer 
of fill material, assume vertical and horizontal spacing (Sv and SH). 
Determine tension induced in reinforcement at depth H from top of wall. 
a. For strip reinforcement 
T. = K^ad + a^.S, 
where a = (yH + q) 
T. 
width of strip, w = —— 
allow 
where tallow is allowable tension strength per unit width of strip. 
If choice of size of strip is restricted, assume one of the spacing 
either SH or Sv and calculate the other 
18 
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Design Steps 
Given data: -
Height of wall, H 
Density of soil, y 
Allowable soil pressure, a 
Angle of internal friction, (J) 
Friction coefficient at base, |Li 
Vertical seismic coefficient, a 
Horizontal seismic coefficient, a. 
' h 
Step 1: Select suitable reinforcing material. Find its permissible tensile 
strength Tal]ow and coefficient of friction f*. 
External Stability 
Step 2: Choose suitable factor of safety and obtain L/H from non-
dimensional charts (Figure 2 to 4) for sliding, overturning and bearing 
failure. Pick-up maximum of above three L/H ratio. For this L/H ratio, 
find GmJyH from Figure 5. If it is positive then O.K., if not increase 
value of L/H such that CJmin/yH becomes positive. Adopt this L/H value 
for further computations. 
Internal Stability 
Step 3: Keeping in view size of panel and thickness of compacted layer 
of fill material, assume vertical and horizontal spacing (Sv and SH). 
Determine tension induced in reinforcement at depth H from top of wall. 
a. For strip reinforcement 
T, = Kad a (1 + av)SH .Sv 
where a. = (yH + q) 
T 
width of strip, w = —l— 
allow 
where tallow is allowable tension strength per unit width of strip. 
If choice of size of strip is restricted, assume one of the spacing 
either SH or Sv and calculate the other 
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T 
QI _ allow 
H=
 K.oS{\ + oQ 
ad i v v Vy 
or 
T 
Q allow 
v =
 K,aS (1 + av) 
ad i v v V/ 
or 
T 
o o r< | allow 
' / / u V K^ti + Cly) 
where T „ = w.^  „ 
Value of Kad has to be calculated considering positive value of av . 
For continuous layers of reinforcement (like geogrids and geotextiles). 
T = K , a (1 + <TV)SV 
z ad i y Vy V 
T should be less than T „ if not replace T with T „ in the above 
i allow r i allow 
equation and find the vertical spacing. 
T 
r> allow 
V
 K^S^l + Uy) 
If the spacing of reinforcement is to be varied with the height of 
wall, replace H by hi and repeat step 3(a) or (b). 
Divide the wall height in sections of equal spacing and design skin 
panels accordingly. 
Step 4: Pull out failure check 
a. Find friction coefficient f* 
i. find f * from pull out test data, if possible 
ii. if not, find friction angle by sliding shear test. Multiply it by some 
suitable factor, C, which can take care of length of reinforcement 
and overburden pressure on it. Find f*, 
/ • = Ctan 8 
or 
19 
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yH IwhyH 
b. Compute Dp factor 
_ / W-H for strips 
SHSV 
n _ / H for sheets 
c. Choose suitable factor of safety against pull out. Find L/H from 
Figure 6. 
d. Compare this net L/H ratio with L/H ratio computed under step 2. 
e. Adopt maximum of these two L/H ratios for construction. 
Note 
1. Loss of strength with time should be considered according to the 
designed life of the wall. 
Highway Research Record No. 242 (Vidal 1969) suggests following 
equation for metal loss expressed in millimetres y = 0.035x - 0.09, where 
x is the number of years. This equation is based on survey carried out in 
America on highway culverts made of galvanised steel. 
2. All possible potential slip surfaces should be investigated using 
prevailing theories. 
Design Example 
Given 
a h 
H 
y 
4> 
n 
a 
F.S. 
= 
= 
= 
= 
= 
= 
= 
0.05 
4.5 m 
16kN/m3 
30° 
0.6 
150kN/m3 
2.0 against all type of failures. 
20 
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k * - fc * - -4 - h 
~Jk 1 — is §r 
k — ^ t -
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Stepl 
Galvanised strips 2.0 mm thick 
Permissible tensile force = 300 kg/cm width 
Friction factor coefficient f* = 0.30 
Step 2 
From Figure 2 (b) for ty 
From Figure 3 (b) for (|> 
From Figure 4 (b) for ty 
Maximum — = 0.7 
H 
From Figure 5 (b) for ty 
It is positive hence O.K. 
Step 3 
Let 
SH = 20 cm : 
Sv = 25 cm : 
a. I\ = K.a(l 
bottom ad i v 
= 0.337 x 1.6 x 4.5 x (1 + 0.025) x 0.2 x 0.25 
= 124 kg take 130 kg 
The metal loss due to corrosion for 40 years of life span will be 
y = 0.035 x - 0.09 (as per Highway Research Record No. 
242; Vidal, 1969) 
where x is the number of years. 
y = (0.035 x 40 - 0.09) mm 
= 1.31mm take 1.50 mm 
Now available thickness of strip = 2.0-1.5 
= 0.5 mm 
L 
= 30° and \i = 0.6 — = 0.65 
H 
= 30° and a = 0.05 — = 0.53 h
 H 
- 30° ~ = 2.08 — _ 0 7 
yH H 
30° and — = 0 . 7 - f r = 0.111 
-- 0.2 m 
= 0.25 m 
+ ocv) SH .Sv 
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Stepl 
Galvanised strips 2.0 mm thick 
Permissible tensile force = 300 kg/cm width 
Friction factor coefficient f* = 0.30 
Step 2 
From Figure 2 (b) for (|> 
From Figure 3 (b) for § 
From Figure 4 (b) for <\> 
Maximum — = 0.7 
H 
From Figure 5 (b) for ty 
It is positive hence O.K. 
Step 3 
Let 
SH = 20 cm : 
Sv = 25 cm : 
a. T\ = K.a (1 
bottom ad i v 
= 0.337 x 1.6 x 4.5 x (1 + 0.025) x 0.2 x 0.25 
= 124 kg take 130 kg 
The metal loss due to corrosion for 40 years of life span will be 
y = 0.035 x - 0.09 (as per Highway Research Record No. 
242; Vidal, 1969) 
where x is the number of years. 
y = (0.035 x 40 - 0.09) mm 
= 1.31 mm take 1.50 mm 
Now available thickness of strip = 2.0 -1 .5 
= 0.5 mm 
= 30° and |LL = 0.6 — = 0.65 
H 
= 30° and a = 0.05 — = 0.53 h
 H 
- 30° ~ = 2.08 — - 0 7 
yH H 
30° and — = 0 . 7 - r r - = 0.111 H yH 
-• 0.2 m 
= 0.25 m 
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3 0 0
 A C 
and strength of strip per cm width = —— x U.D 
allow & 
Ti 130 , _ 
width of strip, w = = —— = 1.73cm 
t 75 
1
allow 
provide 2.0 cm wide strip. 
Step 4 
a. f* 
b. Dp 
= 
= 
-
0.30 (from Step 1) 
f*.w.H 
SH.SV 
0.3x0.02x4.5 
0.20x0.25 
0.54 
c. Factor of safety = 2.0 given value of DP does not change with 
height of wall 
From Fig. 6 (b) for Dp = 0.54 and $ = 30° 
comes out to be 0.85 say 0.9 
H 
Provide 
Length of G.I. strip = 4.1 m 
Width of G.I. strip = 0.02 m 
Thickness of G.I. strip = 0.002 m 
Horizontal spacing = 0.20 m 
Vertical spacing = 0.25 m 
Conclusion 
The construction of reinforced earth wall where areas experienced 
seismic activity is preferable, as the reinforced earth behaves like a 
composite material, which is formed by the association of soil and tension 
resistant reinforcing elements. Due to this the impact from the seismic in 
horizontal and vertical direction can be sustained effectively even with 
23 
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moderate size of retaining walls. Therefore reinforced retaining walls 
may be a practical solution when its economy ease in construction and 
flexibility in nature as compared to other method/solution are required. 
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